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(54) Method lor differentially writing to a memory disk 



(57) A method is disclosed for controlling the write 
head of a magnetic disic storage device. The method in- 
cludes sinking current from the first temninal (2A) of the 
write head (2) and sourcing current to the second temii- 
nal (2B) of the write head substantially simultaneously 
with sinking current from the first tenminal so that a first 



steady state voltage level appears on the first terminal 
of the write head and a second steady state voltage level 
appears on the second temninal thereof that are approx- 
imately at a midpoint between a high reference voltage 
level and a low reference voltage level. The common 
mode voltage of the write head is substantially constant 
over time. 
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Description 

[0001] The present invention relates to a method for 
writing to a memory dtsic, and particulariy to a method 
for controlling the write head of a disk drive device. 5 
[0002] Most computer systems include one or more 
associated disk drives, which may be built into or exter- 
nal to the computer system. Typically, disk drives have 
at least one rotating magnetic medium and associated 
head mechanisms that are carried adjacent the magnet- 
ic material. The heads are radially posrtionable to selec- 
tively write Infonnation to, or read infomiation from, pre- 
cise positions on the disk medium. Such disk drives may 
be, for example, hard disk drives, floppy drives, or the 
like. 

[0003] Data is written to the associated data disk by 
applying a series of signals to a write head according to 
the digital infonnation to be stored on the magnetic disk 
media. The write head has a coil and one or more as- 
sociated pole pieces that are located in close proximity 
to the disk media. As signals cause the magnetic flux to 
change in the head, the magnetic domains of the mag- 
netic media of the disk are aligned in predetemnined di- 
rections for subsequent read operations. Typically a 
small space of unaligned magnetic media separates 
each magnetic domain transition to enable successive 
transitions on the magnetic media to be distinguished 
from each other. 

[0004] Since the disk is moving relative to the head, 
it can be seen that if the small space separating the mag- 
netic domain transitions is not sufficiently wide, difficulty 
may be encountered in distinguishing successive mag- 
netic transitions. This may result in errors in reading the 
data contained on the disk, which is, of course, undesir- 
able. 

[0005] Meanwhile, as computers are becoming faster, 
it is becoming increasingly important to Increase the 
speed at which data can be written to and read from the 
disk media. However, since the data signals are in the 
fomn of square wave transitions, if the rise time of the 
leading edges of the square waves is large, the small 
space between magnetic media transitions also be- 
comes large, whk:h reduces the effective rate at which 
data can be accurately writteri and read. Since the write 
head assembly Includes at least one coil, forcing the cur- 
rent to rise rapidly, orto reverse flux directions within the 
write head is difficult. 

[0006] In the past, data writing circuits and/or write 
drive circuits used to supply such write signals to the 
heads included preamplifier circuits to drive the cun-ent 
through selected legs of an "iH-bridge" circuit, whk:h is 
capable of allowing relatively fast current reversals for 
accurate data reproduction. 

[0007] An example of a typical H-bridge write head 
drive circuit 10, according to the prior art, is shown In 
Figure 1. The circuit 10 includes four MOS transistors, 
12-15 connected between a high reference voltage V^^ 
and a low reference voltage Vss at line 17. A coil 19, 



used, for example, to supply data pulses for writing to a 
disk drive media is integrated into the write head mech- 
anism. The coil 1 9 is connected between the center legs 
of the H-bridge, as shown. 

[0008] It can been seen that, depending on the gate 
biases applied to the respective transistors 12-15, the 
cun^ent flows through the coil 1 9 in one direction or an- 
other. That is, one cun-ent flow path includes the tran- 
sistor 1 4, coil 1 9 from right to left, and transistor 1 3. The 
other current flow path includes transistor 1 2, the coil 1 9 
from left to right, and the transistor 15. 
[0009] In the H-bridge circuit 10. the transistors 12 
and 14 serve as switching transistors, whbh are con- 
trolled by the out-of-phase signals on a pair of respective 
input lines 28 and 29. The transistors 13 and 15 serve 
as cun^ent controlling transistors, which are controlled 
by the out-of-phase signals on the respective input lines 
29 and 28 in a manner opposite from the connections 
to the switching transistors 12 and 14, via respective 
control transistors 31 and 32. The magnitude of the cur- 
rent through the transistors 13 and 15 Is controlled by a 
transistor 21 , with which the transistors 1 3 and 1 5 fonn 
respective current mirrors, when connected via respec- 
tive transmission gates 24 and 25. The transmission 
gates 24 and 25 are controlled by the signals on the re- 
spective input lines 29 and 28. in the same manner as 
the associated transistors 31 and 32. A reference cur- 
rent source 26 supplies the reference current to the tran- 
sistor 21 , which is mirrored by currents in respective 
transistors 13 and 15, as described above. In conven- 
tional driver circuits for controlling the write head of a 
disk drive, the steady state voltage levels to which the 
two terminals of write head 19 settle are both typically 
near either the high reference voltage level Vdd or the 
low reference voltage level Vss. 
[0010] One problem encountered in disk drives em- 
ploying existing drive circuitry for the write head coil 19 
Is that the wires or lines connecting the write head coll 
19 to the write drive circuitry are located proximaily to 
the wires or lines connecting the read head to the read 
channel circuitry (not shown in Figure 1). The dose 
proximity between the wires capacitively couples the 
wires together. As a result, voltage spikes or other volt- 
age transitions appearing on the lines connected to write 
head coil 1 9 may have a greater tendency to appear as 
noise on the lines connected to the read head of the disk 
drive and potentially damage the read head as a result. 
In addition to the capacitive coupling between the lines 
associated with the write head, a significant degree of 
coupling within the structure of the write head itself may 
disadvantageously occur. 

[0011] Because of the inductive nature of the write 
head coil 19 and because conventional steady state 
voltage levels for the write head temninals are approxi- 
mately near the high reference voltage level Vdd. a rel- 
atively sizeable voltage spike or undershoot typk^ally 
may be generated on a temiinal of write head 19 (the 
terminal of write head 19 having a voltage signal expe- 
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riencing a falling transition) during the tinne that the cur- 
rent passing through write head 1 9 transitions from one 
direction to another In other words, a relatively sizeable 
voltage spike appears on a tenminal of the write head 
when the write head transitions between steady states. 
Figure 2 shows a plot of the voltage appearing on each 
temninal of a write head during the reversal of cun'ent 
flow through a write head using existing write head drive 
techniques. As can be seen, a relatively sizeable volt- 
age spike or undershoot may be capacitively coupled to 
the lines associated with the read head of the disk drive 
and thereby damage the read head. 
[0012] During the time the direction of current flow in 
the write head transitions (i.e., during the time between 
steady state conditions), the common mode voltage at 
the write head is different from the common mode volt- 
age at the write head during steady state conditions. 
This can be seen in Figure 2, where the common mode 
voltage of the write head during the time the direction of 
current flow therein transitions (around time 0.5ns) is no- 
ticeably less than the common mode voltage of the write 
head during steady state conditions (after time 2ns). 
[0013] As data rates increase, the rates at which the 
heads can accurately write the data to the magnetk^ me- 
dia is limited by the speed at which the flux In the colt 
1 9 (and its associated components) can be reversed. 
Belatedly, the amplitude of voltage spikes appearing on 
a write head tenminal (and coupled current appearing 
on the con'esponding read head temiinals) is based in 
part upon the rate of flux reversal. The maximum data 
rate is thus limited to the maximum physical flux reversal 
rate of the write head drive circuitry and the maximum 
atiowable coupled current that may be tolerated at the 
read head during the period of flux reversal. 
[001 4] What is needed, therefore, is a method for driv- 
ing an inductive load of the type used in conjunction with 
a write head of a disk drive with a signal that enables a 
maximum ftux reversal rate in the driver coll In an ab- 
sence of an appreciable amount of coupled cun^ent on 
lines capacitively coupled to the inductive load. 
[0015] The present invention overcomes the short- 
comings In prior systems and satisfies a significant need 
for a method of controlling an inductive load, such as 
the write head of a disk drive or other disk storage de- 
vice. When utilized In conjunction with or as pari of a 
disk drive, the method provides a current to the write 
head so that current flows through the write head in one 
direction or the other 

[001 6] In order to reduce the amount of noise appear- 
ing on the lines for the read head due to capacitive cou- 
pling to the lines drlving.the write head , current is passed 
through the write head so that the steady state voltage 
levels of the write head temilnals are approximately at 
a midpoint between a high reference voltage level and 
a low reference voltage level. In this way. a voltage spike 
or undershoot/overshoot appears on each write head 
terminal during the time cun-ent flowing through the write 
head changes direction, instead of appearing primarily 



on a single write head temiinat. The capacitive coupling 
effect on each read head line due to the voltage spikes 
appearing on one write head terminal cancels the ca- 
pacitive coupling effect due to the voltage spikes ap- 

5 peering on the other write head terrninal. As a result, the 
cumulative effect of the voltage spikes on the read head 
terminals is substantially reduced. 
[0017] In this way, the time associated with reversing 
cun-ent through the write head may be substantially min- 

10 imized without experiencing substantial cunrent over- 
shoot or undershoot relative to the desired destination 
current level and without creating an appreciable level 
of noise elsewhere in the disk drive system. 
[001 6] A more complete understanding of the system 

IS and method of the present invention may be obtained 
by reference to the following Detailed Description when 
taken in conjunction with the accompanying Drawings 
wherein: 

Figure 1 illustrates a schematic diagram of a con- 
ventional H-bridge driver circuit for a write head of 
a disk storage device, as described above; 
Figure 2 is a plot of the voltage appearing on the 
terminals of a write head of a disk drive using exist- 
ing drive methods for controlling the write head; 
Figure 3 is a diagram showing a capacrth/e coupling 
relationship between a write head and a read head 
of a disk drive; 

Figure 4 is a plot of the cun-ent flowing through a 
write head of a disk drive using a drive method ac- 
cording to an embodiment of the present invention; 
and 

Figure 5 is a plot of the voltage appearing at the 
tenminals of a write head of a disk drive using the 
drive method according to an embodiment of the 
present invention. 

[0019] The present invention will now be described 
more fully hereinafter with reference to the accompany- 
ing drawings in which a pretended embodiment of the in- 
vention is shown. 

[0020] Refenring to Figure 3, the disk drive 1 includes 
a write head 2 having a first temiinal 2A and a second 
terminal 2B. The disk drive 1 further includes a read 
head 3 having a first tenminal 3A and a second terminal 
3B. A preamplifier circuit (not shown) includes output 
signals connected to the first and second terminals of 
write head 2 via write head lines 4, and input signals 
connected to the first and second tenminals of read head 
3 via read head lines 5. Due to the close proximity be- 
tween write head lines 4 and read head lines 5, read 
head lines 5 are directly capacitively coupled to write 
head lines 4. The direct capacitive coupling between 
write head lines 4 and read head lines 5 Is represented 
as capacitors Cf. 

[0021 ] It is understood that write head lines 4 may be 
capacitively coupled to other signal lines within a disk 
drive besides read head lines 5. For example, a ground 
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plane A may be disposed is proximity to write head lines 

4 and read head lines 5 and capacitivety coupled thereto 
as a result. The capacitive coupling between write head 
lines 4 and ground plane A and between read head lines 

5 and ground plane A is represented in Figure 3 by ca- 
pacitors Cg. As can be seen, read head lines 5 are indi- 
rectly coupled to write head lines 4 due to the presence 
of capacitors Cg. 

[0022] An embodiment of the present invention is di- 
rected to controlling write head 2 of disk drive 1 so that 
data may be written to a disk (not shown) at relatively 
high speeds while simultaneously reducing capacitively 
coupled noise levels on read head lines 5 and else- 
where. In this way, the embodiment of the present In- 
vention supports relatively high density data storage. 
[0023] The embodiment of the present invention dif- 
ferentially drives first and second temiinals of write head 
2 so that current is passed through write head 2 in either 
direction. Instead of driving the first and second tenni- 
nals of write head 2 so that the steady state voltage lev- 
els of the first and second temninals of the wrjte head 2 
are at approximately the high reference voltage level, 
the first and second temninals are driven so as to settle 
approximately around a midpoint between a high refer- 
ence voltage level and the low reference voltage level 
(the "midpoint voltage") . In other words, the first and 
second terminals of write head 2 are driven so that a 
common mode voltage level of the first and second ter- 
minals of write head 2 is at approximately the midpoint 
voltage. With the steady state voltage swing of the first 
and second terminals of the write head being substan- 
tially the same as in prior drive methods, the steady state 
voltage levels of the first and second temninals of write 
head 2 are around the midpoint voltage. According to 
the embodiment of the present invention, a high steady 
state voltage level is slightly above the midpoint voltage 
and a low steady state voltage level is slightly below the 
midpoint voltage. It is understood, however, that both 
the high and low steady state voltage levels may be 
slightly above the midpoint voltage. Alternatively, it is un- 
derstood that both the high and low steady state voltage 
levels may be slightly below the midpoint voltage. 
[0024] The operation of the embodiment of the 
present invention will be described with reference to Fig- 
ures 4 and 5. The present method will be described for 
the case in which current initially flows through write 
head 2 in a first direction and then is reversed so as to 
flow in a second direction, for exemplary purposes only. 
It is understood that the present method operates simi- 
larly for the opposite case in which current initially flows 
through write head 2 in the second direction and is sub- 
sequently reversed so as to flow in the first direction. 
Figures 4 and 5 are plots of measured current and volt- 
age levels, respectively, of write head 2 during the time 
the direction of current flowing through write head 2 is 
reversed. 

[0025] Initially, a negative steady state current level 
flows through write head 2. This is accomplished by 



sourdng current to write head 2 through first temninal 
2A and sinking cun^ent from write head 2 through second 
terminal 2B. First temninal 2A of write head 2 is at a high 
steady state voltage level, which is approximately 4.4v. 

5 Second tenninal 2B of write head 2 Is at a low steady 
state voltage level, which is approximately 3.6v. In this 
exemplary operation, the high reference voltage level is 
B.Ov and the low reference voltage level is ground (Ov), 
so the midpoint (common mode) voltage is 4.0v. 

10 [0026] At approximately time 1 ps, the direction of cur- 
rent flow through write head 2 is reversed by sinking cur- 
rent from write head 2 through first terminal 2A and 
sourdng current to write head 2 through second terminal 
2B. Because of the inductive nature of write head 2 and 

IS because the steady state voltage levels of the write head 
terminals are around the midpoint voltage, a voltage 
spike or overshoot/undershoot appears on both first ter- 
minal 2A and second tenninal 2B of write head 2. As 
can be seen in Figure 5. a voltage undershoot and/or 

^0 negative voltage spike appears on first terminal 2A and 
a voltage overshoot and/or positive voltage spike ap- 
pears on second terminal 2B. Further, the amplitude of 
the voltage undershoot on first terminal 2A is approxi- 
mately the same as the amplitude of the voltage over- 

25 shoot on second tenninal 2B. Still further, the voltage 
undershoot and overshoot occur at substantially the 
same time. This results In the common mode voltage of 
write head 2 during the time of current reversal to be 
substantially the same as or within a predetemnined 

30 range from the common mode voltage of write head 2 
during steady state conditions. In other words, the com- 
mon mode voltage is substantially constant. The voltag- 
es appearing on first tenninal 2A and second temninal 
2B eventually settle at the low and high steady state voit- 

35 age levels, respectively. 

[0027] Because the voltage undershoot on first temni- 
nal 2A is approximately the same size and occurs at ap- 
proximately the same time as the voltage overshoot on 
second temninal 2B, the capacitively coupled voltage 

40 appearing on a read head line 5, ground plane A and 
other signal lines In proximity to write head lines 4 due 
to the voltage undershoot (on write head terminal 2A) is 
substantially offset or canceled out by the capacitively 
coupled voltage appearing on read head line 5 due to 

45 the voltage overshoot (on write head terminal 2B). Con- 
sequently, noise appearing on read head lines 5 and 
elsewhere are substantially reduced. 
[0028] As explained above, the embodiment of the 
present invention is a method for controlling the write 

so head of a disk drive. It is understood that a circuit imple- 
mentation may be associated with the above-described 
, method. Such a circuit implementation is described in 
related application entitled "Write Head Driver Circuit 
and Method for Writing to a Memory Disk", serial number 

55 , filed and incorporated herein by reference. 

[0029] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
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from the spirit and scope of the Invention, and all such 
modifications as would be obvious to one skilled in the 
art are Intended to be included within the scope of the 
following claims. 



Claims 

1. A method for controlling the write head of a disk 
drive, the write head including a first tenninal and a . io 
second tenninal, the method comprising the steps 

of: 

sinking current from the first terminal of the 
write head; and is 
sourcing current to the second tenminal of the 
write head substantially simultaneously with 
the step of sinking cun-ent from the first tenninal 
so that a first steady state voltage level appears 
on the first terminal and a second steady state 20 
voltage level appears on the second terminal 
that are approximately at a midpoint between a 
■ high reference voltage level and a low refer- 
ence voltage level. 

25 

2. The method of claim 1 , further comprising the steps 
of: 

sinking current from the second terminal of the 
write head following the steps of sinking current 3o 
from the first tenninal and sourcing current to 
the second terminal; and 
sourcing cun-ent to the first terminal during the 
step of sinking current from the second tenninal 
so that a voltage spike produced on the first ter- 35 
minal and a voltage spike produced on the sec- 
ond tenninal occur at substantially the same 
time and have opposite polarity. 

3. The method of claim 2, wherein: 40 

the voltage spike on the first terminal and the 
voltage spike on the second terminal have sub- 
stantially the same amplitude. 

45 

4. The method of claim 1 , further comprising: 

sinking cun-ent from the second tenninal of the 
write head following the steps of sinking current 
from the first tenninal and sourcing cun-ent to so 
the second tenninal; and 
sourcing cun-ent to the first tenninal during the 
step of sinking current from the second terminal 
so that a voltage spike produced on the first ter- 
minal and a voltage spike produced on the sec- ss 
ond terminal have opposite polarity and sub- 
stantially the same amplitude. 



5. The method of claim 4, wherein: 

the voltage spike on the first terminal and the 
voltage spike on the second terminal occur at 
substantially the same time. 

6. The method of claim 1 , wherein: 

a first one of the first and second steady state 
voltage levels is relath^eiy slightly greater than 

the midpoint; and 

a second one of the first and second steady 
state voltage levels Is relath^ety slightly less 
than the midpoint. 

7. In a disk drive including a write head having a first 
and a second write head tenninal and a read head 
capacitively coupled to the first and second write 
head terminals, a method of passing current 
through the write head representative of data bit val- 
ues, the method comprising the step of: 

differentially driving the first and second write 
head tenninals so that one or more voltage 
spikes appearing on the first and second write 
head terminals during reversals of cun-ent flow 
through the write head are substantially can- 
celed at the read head. 

8. The method of claim 7, wherein: 

the step of differentially driving comprises the 
step of setting a common mode voltage level of 
the first and second write head terminals to ap- 
proximately a midpoint between a high refer- 
ence voltage level and a low reference voltage 
level. 

9. The method of claim 8. wherein: 

the step of differentially driving comprises driv- 
ing a first one of the first and second write head 
terminals to a voltage level greater than the 
midpoint between a high reference voltage lev- 
el and a low reference voltage level, and driving 
a second one of the first and second write head 
terminals to a voltage level less than the mid- 
point between a high reference voltage level 
and a low reference voltage level. 

10. The method of claim 9, wherein: 

voltage spikes appearing on the first write head 
tenninal during reversals of current flow 
through the write head are of opposite polarity 
to voltage spikes appearing on the second write 
head terminal during the reversals of cun-ent 
flow through the write head. 
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11. The method of claim 10, wherein: 

the voltage spikes appearing on the first write 
head temiinal occur at substantially the same 
time as the voltage spii<es appearing on the 
second write head temiinal during the reversals 
of cunrent flow through the write head. 

12. The method claim 10, wherein: 

the voltage spikes appearing on the first write 
head temiinal during the reversals of cuaent 
flow through the write head have substantially 
the same amplitude of the voltage spikes ap- 
pearing on the second write head tenninal. 

13. The method of claim 7, wherein the step of differ- 
entially driving comprises: 

differentially driving the first and second write 
head temninals so that the common mode volt- 
age of the write heaid is substantially constant. 



10 



15 



20 



comprise a first steady state voltage level that 
is greater than the midpoint between the high 
reference voltage level and the low reference 
voltage level. 

18. The method of claim 17, wherein: 

the predetermined second steady state voltage 
levels further comprise a second steady state 
voltage level that is less than the midpoint be- 
tween the high reference voltage level and the 
low reference voltage level. 

19. The method of claim 15, wherein: 

capacitive coupling effects from voltage over- 
shoot and undershoot appearing on the first 
and second terminals of the write head during 
reversal of cunrent flow through the write head 
are substantially canceled at the read head. 

20. The method of claim 19, wherein: 



14. The method of claim 7, wherein the step of differ- 
entially driving comprises: 

differentially driving the first and second write 
head tenminals so that the steady state voltage 
levels thereof are approximately around 4.0v. 

15. A method of controlling the write head of a disk drive 
having a read head capacitively coupled to the write 
head, the write head including a first terminal and a 
second temiinal, the method comprising: 

passing current through the write head so that 
current flows in a first.direction and the voltage 
appearing on the first and second temiinals of 
the write head reach predetennined steady 
.state voltage levels; and 
reversing current flow through the write head 
so that current flows in a second direction, the 
voltage appearing on the first and second ter- 
minals of the write head settle at the predeter- 
mined steady state voltage levels and the com- 
mon mode voltage of the write head is substan- 
tially constant. 

16. The method of claim 15, wherein: 

the predetermined steady state voltage levels 
are approximately at a midpoint between a high 
reference voltage level and a low reference 
voltage level. 

17. The method of claim 16, wherein: 



an amplitude of a voltage overshoot appearing 
25 on the first temninal of the write head is substan- 

tially the same as the amplitude of a voltage un- 
dershoot appearing on the second temninal of 
the write head. 

30 , 2^, The method of claim 1 9, wherein: 



an amplitude of a voltage undershoot appear- 
ing on the first terminal of the write head is sub- 
stantially the same as the amplitude of a volt- 
age overshoot appearing on the second temii- 
nal of the write head. 
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22. The method of claim 21 , wherein: 

the voltage undershoot appearing on the first 
tennlnal of the write head occurs at substantial- 
ly the same time as the voltage overshoot ap- 
pearing on the second tenninal of the write 
head. 

23. The method of claim 15, wherein: 

the predetemiined steady state voltage levels 
are approximately around 4.0v. 
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the predetenmined steady state voltage levels 



EP 1 187 102 A2 



51 "LTLTLr 

52 JTJ-LTL 



29 



10 
/ 

28 



11 

\ 



26 



24 



21 



13 



T 



17 



FIG. 1 

(PRIOR ART) 



9 
8 
7 
6 



2 
1 

0 

-1 



VOLTAGE OF A FIRST WRITE HEAD TERMINAL 

VOLTAGE OF A SECOND WRITE HEAD TERMINAL 




v 



I I I ■ I ■ ' :■■ I- l_L. 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0e-8 

TIME s 

FIG. 2 
(PRIOR ART) 



EP1 187 102 A2 



A. 



2A 



7 



5 



7 



Cg: 



-T-Cg Cg-p -pCg 



\ 



2B^ 



3A 



3B 



/ 



WRITE HEAD 



READ HEAD 



FIG. 3 



0.10 



WRITE HEAD CURRENT 




FIG. 4 



9 



EP 1 187 102 A2 



i 
9 



VOLTAGE OF FIRST TERMINAL 2A OF WRITE HEAD 2 
VOLTAGE OF SECOND TERMINAL 2B OF WRITE HEAD 2 







1 





: i 







0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0e-8 

TIME s 



FIG. 5 



in 



I 



